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HWE: B FFRIAMBR AR RERRR LB N SAr XA R ERmiey FrhscR, ik Rk
BALB/c ## C57BL/6 +) R A4 5+ 35 B 3% s T 20 Jo A5 AL (HSCT) A2 2!, M AL% 5 HSCT 4. HSCT + ipl00 48
(HSCT+ R Bt =48 i5 AR i2 45 100 pL) JHSCT + iv100 20 (HSCT+ 2 B: —4h B Fi Ak # BiE 44 100 L) |
HSCT + iv150 28 (HSCT+ M B =4 g Fi R 3 B2 4T 150 L) JHSCT + iv200 4L (HSCT+ 2B B8 =44 B i
PR F DR IEAT 200 wL) JHSCT + iv250 28 (HSCT+ £ B8 =4 A5 Ak 38 PR E 4T 250 wl) . HSCT /B % 1 RiEH
SRR —ANIS AR, ZJEH5 RIESH1R, A ZARME A EFRPAEA, KA AKX 20 AKF Western blotting ¥ 7>
%ﬁEﬁ%H@%ﬁ%éﬁi%, AR YAt 2 FELIT S € PR b TAL, HE &M MESG ., SR HHSCTAk

, BB RN E G s BT HA B3 ( P <0.05) . 5 ZUMEER 4R IS RIS iE S ARG %%ﬂﬁ‘cii%q‘%‘%ﬁ
E"**émﬂuﬂ PRECRAR(P <0.05) , ARMIERLER R, FIBEERZAARE AR FIRES F IR BRI B AR AR 77
893t Fm , HE &2 R 27, A SRR A5 AR 693 m B P eg ey = kM % o &5
FUBRER 4N R B S A TR ML B o Ak T ST, E— R AR, FH Ewwﬂkﬁﬂ%&;%%A

PRIERSF FT0938hn, FIRACRAH R,
KR - AUBER AR R ErEmAC ; e T ie AL
FESES . R457.7;R551.3 XERFRIZAD . A

Research of effect of different doses and modes of liposome
administration on the clearance of bone marrow macrophages*

Wang Yu-han', Liu Zhi-ting', Xu Zi-jie', Wang Zhao-hui', Zeng Ling-yu', Sun Jing-fang’, Ding Shuang’
(1. School of Medical Technology, Xuzhou Medical University, Xuzhou, Jiangsu 221000, China;,
2. Department of Laboratory Medicine, The Affiliated Hospital of Xuzhou Medical University,
Xuzhou, Jiangsu 221000, China)

Abstract: Objective To study the effects of different dosages and methods of Clodronate liposomes
administration on the clearance of bone marrow macrophages. Methods Male BALB/c and females C57BL/6 mice
were firstly used to establish an allogeneic hematopoietic stem cell transplantation (HSCT) model, and were
randomly divided into HSCT group, HSCT+ Clodronate liposome 100 pL group (ip), HSCT + Clodronate Liposome
100 pL group (iv), HSCT + Clodronate Liposome 150 pL group (iv), HSCT + Clodronate Liposome 200 pL (iv),
HSCT + Clodronate Liposome 250 pLgroup (iv). Mice were injected with different dose of Clodronate Liposome

day 1 post HSCT and then every 5 days until corresponding time point. The changes in the number of macrophages
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in bone marrow were detected by flow cytometry and Western blot. The changes in peripheral blood were

determined by complete blood count, and the injuries in bone marrow cavity were observed by H&E staining.

Results Compared with the HSCT group, the peripheral blood leukocyte counts of the other groups were

significantly increased (P < 0.05); Compared with the intraperitoneal injection group, the intravenous injection group

showed a significant enhancement on the clearance of bone marrow macrophages (P < 0.05); Flow cytometry results

showed that the clearance effect on bone marrow macrophages became stronger as the dose of Clodronate liposome

increased. Bone marrow pathology staining showed that the fat vacuoles in the bone marrow lumen increased more

with the increase of dose of Clodronate liposome. Conclusion Compared with intraperitoneal injection, intravenous

injection of Clodronate liposome showed a more significant bone marrow macrophage clearance effect, and the

clearance effect of clodronate liposome on bone marrow macrophages increasing with a higher dosage in a certain

dose range.

Keywords : clodronate-liposomes; bone marrow macrophage; hematopoietic stem cell transplantation

SUBETR — NG A e — Rl AL S, T A
H K, SRARTEAR . 0% 28 A SRS R — B IR BT A
75 By 3 3k 240 TS 1) W A L4 2, AELIR JB 44 AT LA
I 0 e O S E e 2 PR o Tt SRR —
JIR BT © Bl iz T R D BRI B A
JELP, i PRI 5 B K B R — MR BT AR TR T
Paget Ji5 . 22 P i 9881 T R £F 2 411 R0 3L IR 6
R, AL FH T U 55 il S e ot LR A i K
iYW T T S8 S Hh 4% AR T TR R
L 290 L T e RN A 451 O Bl 1) e ik s 1
25 bR B 20 Y B A% Y 2 ARG /)N Bl I AEL 40
ISR A i R — il S JB T Y A g A i
E L AT 5 B 00 AT SR A R O B R R A
Tl AN T) 68 4 T, I 4 L 1 - A Tl 3 v 22 O o
T L B 5T vk i T 40 B A% A (hematopoietic
stem cell transplantation, HSCT ) J5 . I 21 i AE B BE T
PG v 8 T A 2 30 8 2 5% 3 S Mt 1R — B AR I
A2 o B A L (B i SRR 1R — M R oA 1 T 24
T R = I ATERE . A SRS S % A
il HSCT A5 AL SR HT U B IR — 4k i Joa 1A s o s
Wk 240 JfL , 3 o R — AR A R RS L B TR R B
Wik 200 3 P9 s e 12 S 590 e R 2 7 =X

1 HESTE

I ENY

SPF % M £ BALB/c /)N B 120 2, SPF 2% M %
C57BL/6 /NEL 10 H 6 ~ 8 J& , /K H 18 ~20 g, ¥ A
At o g il A AR S H R AR A\ . B SL s sh )
TS TARM BRI A (AR SR 1) 1 SPF 284
HC T (22 °C) AR B (60% ) B o SEIe sl WA

1.1

P A IE S SCXK (5T)2021-0006 , 52 56 3l 4 6 F 4
Al ES - SYXK (75 )2021-0038 .
1.2 FERF

CD11b . F4/80 it =X Hit 4 ( 35 [ Biolegend A ] ) ,
FRE TR — 4 B AR (faf 22 Liposome /A H) ), CD11b &
FI LA (35 [ Proteintech 22 7] ) , SDS-PAGE #§ it i 5
S(PEBR D REFEARARAR ), BT A
FRic B L 20 % 1eG bt , GAPDH (Hh [ M ik A=
FRZNH]) , PVDF i (3£ [E GE A F]) , ECL Ak 2 & Y6 ik
AP EEEREDHEREBRAF) .
1.3 FEMNZHE

137Se’\( 5 26 45 M8 28 (£ [ Gamma—Service Medical
/Nl ), Western blotting 4 AL (Z€ [ Bio-Rad 2o
DI (1 0 o v A QR A ES B TR/ I s o K 'S
(SB[ FE 22w, BMJ-B A0 3 4 Fi1 BMJ-B £ 4
6 CE M R FAES A BR AR o
1.4 ZWHE
141 R HSCTHA Z46  FBAHZ R WAL B . i
P BALB/e /N2 B, AT 6 ~ 8 h 45T 7.5 Gy 3
FE R 4 B BRG, 50) & 2 O 1.92 Gy/min, 3 4 IR
B, B IR 1.875 Gy il 25 £ B B 20 A o IBCME
C57BL/6 /N B, SHUHE B F AR FE | 75% T A% ¥ 30 5 min,
JC TR BN BB B, B T 1 5 o 4 B 40 A A2
T, VT EE AR 45 S U AN v B 2 R A 220 L
5 x 10° 4™ 240 Jif ) 25 B 4 0 A B R, CE VK B
. BREAN MRS : 6 h SR A L At B R
it B v 22 R e K i A A B N, B RN R R
Jik A Bt 220 L s HA A 20 A R

142  ABEBR 488 AR LR HSCT B R EHE
wiza e /NI HSCT ARG , TR G 1 K.
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LRI, S SRR AR AR R 45 24500 b Ay O B B N I B AT T

B 6K V11 R B 16 K V5B 21 K V5 26 REHEE 5L
JBAE 12 — A B A 3 5 3 /N BRI o AR SR R —
B R BT A 1 5 O ORI S 5 S RS A S D 120 2
M BALB/c /)N BB AL 5324 6 41 : HSCT 41 . HSCT+
ipl00 2 (HSCT+ 5 B M2 — &0 R BT 1k HE Jes o o3
100 L) . HSCT+ iv100 £ (HSCT+ % i iR — 4h g i
A #5 Bk VE 55 100 wL)  HSCT+ iv150 41 (HSCT+ 44 Jif
12 4 g BT 1A & bk A2 Bt 150 wl) L HSCT+ iv200 41
(HSCT+ % W /2 — 4M BB 5T 1A i Bk 13 5 200 pL) |
HSCT + iv250 20 ( HSCT+ 54 8 R — 4 i o 1 i ik 1
$5250 pL) , B4 20 H o MRAESCE 44, 4/ BRUE
Jis 52 e Ik T S A [] 5 1 SRR R — B AR B AR
143 AX@mpAenELmie b 29 T%
FEJG 55 7 K VB 21 K V55 28 SR S0UAE I 11 Ak BB 4% 41 /1N
BUS L HUNEUR B, BY T il 2R IR R AN
B RO B BRI R R L R e L B0 BT
W, FH W% R £k 2% W (phosphate buffered saline, PBS)
PR B A 25 O 1 x 1074 /mL, i 204 445 L 100 pL
BB 20 M BV, A CD11b 1 F4/80 £ 1 plL,4 C T
JE 30 min, FEHIA PBS 3 mL & 11, 5.0 % I,
B 100 wL PBS b HLASE I CD11b* A1 F4/80* . Wik 4 Jifd
mi k.
144 A fsmpest HeGH RN e AR
TR RE B AL PR S RS A /NEL TAE T R VBB 14 K
55 21 R B85 28 Rl it /) BB i kIR BBCA JL o, SR 4
2% /N /N RN R I K T EDTA Bt & , 308 )5
SR 1211 1o e o RN N W = e e 1 )
i /INAR o
1.45  Western blotting # | CD11b & & A8 %+ & £ &
WAL 8 AL, ST ) i 25 2 /0 R B 240 L T O, B R
T 20 M 2R P - H R 5 x 10°45/100 WL i A 240 0, 7
T 457 AR B 1% 1) 28 B BE sk Tk g L vk L 2L R
15 min,5 min¥&¥% 1%, 4 °C, 15 000 r/min &5.C> 15 min,
BB R 2R 0 EP A ok B TR BRI R 1/4
JIA 5 x loading , 58431 2 s ¥R &) J5 (9 B i A 4
JEI 99 °C, 15 min, A4 42 BUT 19 8 A HEAT T obe Jk
i R M — 2 R0 s T e R g P, DK i e B 22 2R Al — 9L &
Wl L, 5% LB A W 2= B D 1, B IR R i YL 2% o
i ( phosphate buffered saline with tween 20, PBST) ¥t
YA, BR 10 min, 4 CHFE —Prid o, i H [hii—
PrJa , T PBST Pk 3 U, 2K 10 min, % 995 & AH N —
PU 1 h, PBST ¥4 31K, AKX 10 min, 7£ Image J B 1% &

GHEAT R 5 5 NS B-actin BEAT XS L3 T,
TR CD11b 25 R A X ik

1.4.6 7 AM—1# 4 (hematoxylin—eosin staining, HE)
& AN )RR/ BB TE 4% 22 3R W
[ % 48 h, YLK i 2 b, f A ER R - H AR 45 6 ~ 8 h
Je, A B K v 2 b, B A L G AT
— ZRYVEE RS K, L HL A A7 W R IR M R
Ui KT R BEAT AL ER . A I A Y i BT g R R
£, WAl EAEYI R . A AED) R AL E VIR ZT 4 pm i
FrG  HCE SR LR RETT 10 2 B 2B R
PR T AR P HE 4 b SRR R R Rk
JBETORS AT S K, PO T HE #EAT 3 0, f s
2K GEW B RS H0E X S, 5 2 KA
BT WS H 2 SV B R IF R IRIE SR

1.5 SZitFEH*

A8 53 >k FH Flow Jo %4 1 Graphpad Prism 8.0
Gt o T PO A B + BRifE 22 (x £ 9) 2R,
PR J7 22 0, A T L 65 P 24 ) Y 22 T LA
P<0.05 B ZRA G FT L.

#R

SUBEER — S AE R3S & 4R 50 B M B 32 i

AN 7] s 18] 545 20 /0N UL 40 L 1 40 B i /N B
B R R 58 T R R 14 K 5 21 KBS 28 K
AN R A 40K - LA, 220 2208, 2 R B St
25 X (P<0.05), 5 HSCT4H H 48, HSCT + iv200 2H
FIHSCT+ iv250 41 1 4 Jf %k i ] 1 3% 2 (P <0.05) .
BT R 14K V5 21 KM E ILZT 40 i K F e,
GJr 20T, 2R RGEI#E L (P>0.05) ;55 28 K
Bt A1 ] I 21 40 M KO F B, 4 20T, 2 R A G
T X (P <0.05) . 457 KAFANE I/ MR KSE
B, AT EZ5, ZRA SRR L (P<0.05), 7k
T I SA B IR — AN R AR Y #5147 T HSCT 4 (P <
0.05) 5 Bifi 7 B[R] AE <, 3 S S JB 1 — 4 O o R W
S, F At S A1 /AR B R 9 5 5 14 R A
St i N T B BB 20 200 T, 2 5 A Gii e
B (P <0.05) , VE S BERR — 8 i5 T (R 4 il /i i
BHEIE T HSCT 41 (P <0.05) 5 55 21 K 55 28 K} 4k
NN T8 S A 20 0 THE = v Ve 9 e
BEX(P>0.05), WFE1~3,

2

2.1
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#

®1 HATREMEREEEKSNENBAMRITELEE (n=20, x107L, xxs)
4151 HIR H14R H21 R H28 K
HSCT4 1.65+0.18 471£05 8.22 +2.46 7.61 £0.35
HSCT + ip100£H 2.17 £0.36 7.40 £2.04 14.90 +0.71 15.37 2.36
HSCT +iv100 4] 4.39+0.63 6.87 + 0.69 20.68 + 1.77° 18.15+3.59
HSCT +iv150 4 8.29 +0.79" 8.27 +0.81 24.55+4.37 33.15+4.21°
HSCT + iv200 £ 14.95 +1.25 17.99 + 1.80 42.28 +3.85" 34.48 + 1.13°
HSCT + iv250 4 13.78 + 1.63" 16.12+ 1.17° 26.53+2.17° 31.40 + 1.02°
FAIY 74.500 35.130 33.590 27.380
P 0.000 0.000 0.000 0.000

T ¢ +5 HSCT 414, P<0.05,

x2 FBATRRBEMEEKINEMIMAMITEEE (=20, x 10%L, x£5)
251 HIR H 14K #21K H28K
HSCT#] 9.59+1.25 9.70 0.2 10.35 + 0.69 10.25 +0.17
HSCT + ip1002H 10.19 +0.70 9.58 £0.1 9.64 +0.71 9.44 +0.43
HSCT +iv100 4 9.71 £3.54 9.83£0.13 10.1 £0.63 9.61£0.16
HSCT + iv150 4 9.59+1.10 8.95 + 0.68 9.93 +0.56 8.70 +0.35"
HSCT + iv200 4 1223 £0.55 9.75 £0.29 10.27 + 0.46 8.94 +0.23
HSCT + iv250 41 10.02 +0.29 10.07 = 0.59 9.64 +0.64 6.91 + 0.44"
FAE 1.570 1.792 0.574 25.710
P 0.242 0.190 0.719 0.000

7 ¢+ HSCT 41, P<0.05,

*3 HATRERMEREEESNEMM/NMETEEEE (0220, x107L, x+5)
205 HTR VBN #21 R Ho8 K
HSCT# 133.67 + 10.66 692.67 + 20.04 878.33 + 101.38 933.67 + 40.31
HSCT + ipl00£H 274.33 + 48.58 336.00 = 24.66' 832.00 + 156.11 1 071.00 + 142.20

HSCT +iv100 41 327.00 + 77.77° 424.33 + 115.38"

HSCT +iv150 41 317.67 + 89.66 388.67 + 34.99

HSCT + iv200 41 390.00 + 50.28" 426.67 + 41.30°

HSCT + iv250 41 322.00 +21.35 416.33 £ 16.76

FAH
P

5.745 10.670

0.006 0.000

926.00 + 85.02 1 108.67 + 138.05
1007.00 = 50.41 1127.67 £ 169.97
914.67 + 83.08 991.00 + 127.78

664.67 +48.18 750.67 + 80.39

3.023 2.456

0.054 0.094

. +5 HSCTH 4, P<0.05,

2.2 SUBEER —$WAS Bk A B i S 75 S Xt B I 2 A
EERES A

HSCT 41 | I8 1 7 S 20 R e Jok 1 559 G 0 e — 4k
JIG BT 2, 275 7 R If L g 200 i L 491 Ll 3, 28 05 22 43
ZRIGHF3 L(P>0.05) . 55 14 K 20 i
Pl e, &0 22000, 2R A geit 2 L (P <
0.05) 5 5 HSCT 21 Lo 45 , # Ik v S 4 5 0k 448 0% I 2

R WERAFE L,
2.3 SBSER MRS R A EE S EX B 40 A
ECRES Al

T o WS A5 2 /0 BB R A, = R
G 0 240 iV R ORI R VB T R S 14 R
I 20 B ) A B, T 2500 T, 5 R A gt
R L (P <0.05) 3 EERR —4h AR TR AS 7] 57) 2 21 bl
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LEFE, G SRR BRI IR 45 25700 Ay 2Ok B E W AN BT BRBCR AT 52

%4 HSCTH.HSCTHSCT +ip1004H . HSCT+ iv100£H
F 7 RKNE 14 RS BEMA h B LB L%
(n=20, %, x+s)

215 HTR H14K
HSCT4] 2.20+0.26 10.27 +0.82
HSCT + ip100 £ 1.80 +0.14 8.44 +1.54
HSCT +iv1004] 1.69+0.11 6.82+0.16"
FAE 4.372 5.809
P 0.067 0.040

. +5 HSCTHH#, P<0.05,

G TE SR B BN, B 20 I e A bRk

G, >4 S R 0 B R R o 1 m #1200 L il
250 wL I, PR 2 a] 5 e 2 A bl v B AR Ak (I
5 ME 2) . RiE—LRE 200 WL F1250 wL i B
SR 22 55, 4 Western blotting £ 1] B 58 20 Jig
CD11b £ AR SR8 &, 45 5 7R, HSCT 41 (HSCT +
iv200 41\ HSCT+iv250 ZH CD11b 45 A A7 X 22 35 123 1)
H(1.18+0.11) . (0.72£0.11) . (0.72 +0.08) , & )5 %
AT, S G2 B L (F =13.890, P =0.006) ;
HSCT #H %5 T HSCT+iv200 2H . HSCT+iv250 41 (P <
0.05) . HSCT+iv200 £ 5 HSCT+iv250 20 Ho 4%, 22 7
Giit#m L (P>0.05), WK 3.

HSCT
10°
10
< <
| 5 |
g 10 =
CEES 107 B
10'
10" 10° 10° 10* 10°
FITC-A
FITC-A, APC-A subset. "3
ki
&)
514K =

10" 10> 100 10* 10°

FITC-A

HSCT + ip100 HSCT + iv100
| - 10°
FITC-A, Apc;g-s;;s;t
- 185 10*
K
o 10°
(=W
-
10°
10' 5
102 10° 10° 10° 10" 10> 10° 10* 10°
FITC-A FITC-A
FITC—A,APCAsubsVsl - FITC-A, APC-A subset -;
ki
(@)
(=T
-
10> 10° 10* 10° 10" 102 10° 10* 10°

FITC-A FITC-A

1 7 RME 14 R SBER —MIE R EIES A ERAM St

R5 BRMEPERMELLGES 7 XFE 14 XIFH
kB (n=20, %, x+s)

205 HIR 14K
HSCT#] 2.53+£0.46 10.27 +0.82
HSCT + iv1004H 1.69+0.11° 6.92 +0.29"
HSCT + iv150 41 1.61+0.18" 6.29 +0.21"
HSCT + iv200 41 1.32+0.14" 5.77+0.77"
HSCT +iv250 41 1.29+0.16 5.53+1.24"
Fii 8.436 12.620
P 0.003 0.001

7 5 HSCTZHH#E, P <0.05,

2.4 SUBSER _SWAS sk TS AR E X B 8
bl

HE Y (025 5 R, 56 7 K45 4 /0N B A s o o
FEEE LA A5 B 5 5 14 K45 4 B M 0l P A A
e JRNE AN MR A BRI 2 W B, AHE T HSCT
A, ST SRR — A R T AR /) BLRY M A K
JIG I 2 0 B, 3 9 500 4 200 L 41 /0N BRI A1 s
FEIE IR 523 12, 100 WL A1 250 Wl 21 AH %5 200 L 41,
JIE W 28 W 55 /0 B 5 HSCT M HE , 25 90 2 48 2 1
TLIE 4,
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APC-A

APC-A

HSCT+iv100 HSCT+iv150 HSCT+iv200 HSCT+iv250
10° _
FIICA‘WN;N
180
T hi i K
[} (&) (&)} <
= = = =
10' 10> 10° 10* 10° 10' 10> 10° 10* 10° 10' 10 10° 10* 10° 10' 10 10° 10* 10° 10' 10* 10° 10* 10°
FITC-A FITC-A FITC-A FITC-A FITC-A

IR

APC-A
APC-A
APC-A
APC-A

10' 10° 10° 10* 10° 10" 10> 10° 10* 10° 10 10> 10° 10* 10° 10' 10* 10° 10* 10°

10' 10 10° 10* 10°
FITC-A FITC-A FITC-A FITC-A FITC-A
14K

B2 HF7XRME 4RSI NI RERRETEERMAL S

1 2 3 15
i
10
CD11b 170 kD %
Z 05
o
a—actin 42kD i 0.0

1 2 3
1:HSCT41; 2: HSCT+iv200 41 ; 3 : HSCT+iv250 41 . +5 HSCT4LL#, P <0.05.
E3 CD11bEAFRIE

HSCT 41 HSCT + iv100 21 HSCT + iv200 21 HSCT + iv250 £

H14KR

EARERTDS ANl 1 Rtio)
El4 KBEAF7RME14RMHEEENFRENT (HEYM x200)
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i — 40 B A 1 R RO A o v S SR R
BT AR B 22 S DN HLE R T R AR 9 W 4
M50, LI HRAE R R, 5 TR . H TS B R —
B B AR O S 2 R R A I Y
B, B 2 R R B AN Wt A5, R SR RR — 4 A o 1k
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HSCT J& 8 FH 538 i — #h I8 o 4485 B /N BRUCEF B b
Wk 41 1 e A =, K M 3 B e A B X
I 20 B Y BRSO AT X L, AR PR A A R
R, 7 HSCT B v | RH 55 MG I v 33, i ik v 4
A T — A A T A X I A T PR AR T . MR
FEURE R A T AT I B O AN 1 e A T
SR L, R AN [R]  F  R B, R IR A R
0 B s, B U 0 T R AR B B L 200 L A
250 L AH LE , T BRACR A 2218/ o 25 1 3 H 25 1
A%, SRR 4N g AR T 50 4 3 200 L kT LIk
AR GF 1 BRASOR o gL 8 % B, 5 HSCT
SRR L, T S SRR R A B AR S R A Y
15 240 6 B S 38 00, g s 200 G R T B B 1 3 i ik
T b B 2 2R A Y, oA oy 2 i D RE RN LAY
B 200 A 7S (Rl LR A

ZE BT, 8 /N B HSCT B R0 rb | ¥ bk e 5 4 i

S 0 YU L DA 3 A ) e A S - P
JHT RO AR AT A, 253 S 7R iR 31 200 L it
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